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(57) A copper foil with excellent laser drilling prop- 
erty, having a layer containing any one or more sub- 
stances selected from indium, tin, cobalt, zinc, cobalt 
alloys, and nickel alloys on the face of the copper foil to 
be radiated with laser beams. A copper foil easy to be 
laser-processed and suitable for forming through hole 



and via hole with a small diameter at the time of manu- 
facturing a printed circuit board and a method for man- 
ufacturing such a copper foil are achieved by improving 
the surface of a copper foil. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a copper foil excellent in laser punchability with which an copper layer con- 
nection hole (through hole and via hole) of a printed circuit board can efficiently be formed and also relates to a method 
for manufacturing such a copper foil. 

[0002] The copper foil of the present invention includes not only a copper foil alone but also all kinds of copper- 
laminated boards and build-up laminated board on which copper is directly formed (including electroplated and elec- 
10 troless plated ones) 

Description of the Prior Art 

[0003] A drill has been employed for forming a small diameter hole (through hole) for copper layer connection of a 
*5 printed circuit board. Since burrs have easily been formed in the processing (forming holes) by a drill and opening of 
a hole with an ultra small diameter has been limited, however, a method for forming a hole by laser has been employed 
recently. 

[0004] However, a copper foil has a disadvantageous point that the surface of the copper foil conventionally employed 
for a printed circuit board has a high reflectance to result in inferior processibility with laser beams. Therefore, a method 
20 for forming a hole by removing a prescribed copper foil part by etching and then forming a hole by radiating laser beams 
to the part or a method for forming a hole by thinning a copper foil by chemical polishing and then processing with laser 
beams have been employed. 

[0005] In these cases, however, since a step of removing a copper foil by etching or of chemical processing is em- 
ployed, efficiency has been deteriorated and also since strict control is required for operation of such processing pro- 
25 cedures, productivity is lowered and the cost is heightened. 

Summary of the Invention 

[0006] The present invention has been achieved while taking the foregoing problems into consideration. The pur- 
30 poses of the present invention are to provide a copper foil excellent in drilling property by laser and suitable for forming 
through hole and via hole with a small diameter and also to provide a method for manufacturing such a copper foil by 
improving the surface of a copper foil at the time of manufacturing a printed circuit board. 
[0007] As described above, the present invention provides the following copper foils: 

35 1 . A copper foil excellent in drilling property by laser, having a layer containing any one or more substances selected 

from indium, tin, cobalt, zinc, cobalt alloys, and nickel alloys on the face to be radiated with laser beams; 

2. a copper foil excellent in drilling property by laser as set forth in the above described item 1 , having cobalt alloys 
layer containing at least one of nickel, phosphorus, zinc and copper; 

3. a copperfoil excellent in drilling property by laser as set forth in the above described item 1 , having nickel alloys 
to layer containing at least one of copper, zinc, and phosphorus; 

4. a copper foil excellent in drilling property by laser as respectively set forth in the above described items 1 to 3, 
in which content of cobalt, nickel, tin, zinc, or indium is independently 0.1 to 1 00 mg/dm 2 (provided that, zinc content 
is 0.5 to 100 mg/dm 2 ); and 

5. a copper foil excellent in drilling property by laser as respectively set forth in the above described items 1 to 4, 
45 jn which thickness of the copper foil is 1 8 ujti or thinner. 

The present invention further provides the following methods for manufacturing a copperfoil excellent in drilling 
property by laser: 

6. A method for manufacturing a copper foil excellent in drilling property by laser, in which a layer containing any 
one or more substances selected from indium, tin, cobalt, zinc, cobalt alloys, and nickel alloys is formed on the 

so face to be radiated with laser beams; 

7. a method for manufacturing a copper foil excellent in drilling property by laser as set forth in the above described 
item 6, in which cobalt alloys layer containing at least one of nickel, phosphorus, zinc and copper is formed; 

8. a method for manufacturing a copper foil excellent in drilling property by Isssr es set forth in She above described 
item 3, It. which nicks! alloys layer containing at least one of copper, zinc, and phosphorus is formed; 

55 q. £ method for manufacturing a copper foil excellent in drilling property by laser as respectively set forth in the 

above described items 6 to 8, in which the layer is formed by plating; 

10. a method for manufacturing a copperfoil excellent in drilling property by laser as respectively set forth in the 
above described items 6 to 9, in which content of cobalt, nickel, tin, zinc, or indium is independently 0.1 to 100 mg/ 
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dm 2 (provided that zinc content is 0.5 to 100 mg/dm 2 ) ; 

11 . a method for manufacturing a copper foil excellent in drilling property by laser as respectively s t forth in the 
abov described items 6 to 1 0, in which thickness of th copper foil is 1 8 ujti or thinner; 

12. a method for manufacturing a copper foil excellent in drilling property by laser as r spectivefy set forth in the 
5 above described items 6 to 1 1 , in which stabiliz r treatment is carried out after the layer formation; and 

1 3. a method for manufacturing a copper foil excellent in drilling property by laser as set forth in the above described 
item 12, in which the surface treated by the stabilizer treatment contains chromium and/or zinc. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 

[0008] The present invention includes formation of a layer containing any one or more of substances selected from 
indium, tin, cobalt, zinc, cobalt alloys and nickel alloys in a position of a copper foil of a printed circuit board where 
through hole and via hole is to be formed by radiating laser beams thereto, and thereby drilling property by laser is 
significantly improved as compared with that of a conventional copper foil. 

15 [0009] A copper foil used in the present invention may be an electrodeposited copper foil and a rolled copper foil. 
Further, the thickness of the copper foil is desirably 1 8 ujti or thinner for the use in high density wiring. 
[0010] Nevertheless, the thickness of a copper foil of the present invention with improved laser drilling property is 
not necessarily restricted within the defined thickness and may, of course, be thicker than the defined thickness. 
[0011] A layer containing any one or more of substances selected from indium, tin, cobalt, zinc, cobalt alloys and 

20 nickel alloys is formed on the face of a copper foil to which laser beams is radiated. 

[0012] Such a layer can be produced by plating treatment. However, the method is not limited to plating, but vapor 
deposition, sputtering, or other coating methods may be employed for the layer formation. 

[0013] Further, even in the case plating treatment is employed, the plating treatment method is not at all restricted 
to a specified plating method. The layer formation by such a plating method can be carried out either partly on the face 
25 of a copper foil to be radiated with laser beams thereto or fully on the copper foil. Such a plating treatment is naturally 
required to be carried out without deteriorating the characteristic properties of a copper foil usable for a circuit board 
and any treatment of the present invention sufficiently satisfies such conditions. 

[0014] In the foregoing alloy layers to be formed on a copper foil, cobalt alloys layer containing at least one of nickel, 
phosphorus, zinc, and copper is superior in drilling property by laser. 
30 [0015] In the case of a nickel layer alone, the laser drilling rate is low as compared with that by the present invention, 
and even if the amount of nickel is increased, the drilling rate cannot be improved. The layer is thus unsuitable as a 
layer (coating layer) for improving the laser drilling property. 

[0016] Incidentally, the drilling rates were 0%, 2%, 67%, 73%, 68%, and 71% in the case where the nickel deposition 
amount at 32 mJ/pulse was 3,400 fig/dm 2 , 6,100 jig/dm 2 , 1 3,400 ng/dm 2 , 20,333 up/dm 2 , 53,600 u.g/dm 2 , and 81 , 333 
35 tig/dm 2 , respectively, and even when the nickel deposition amount was increased further, the drilling rate was hardly 
increased. 

[0017] However, in the case where a nickel layer containing any one or more of copper, zinc, and phosphorus, that 
is nickel alloys layer containing these elements, is formed, the drilling rate can be improved approximately to the same 
level as that of the foregoing indium, tin, cobalt, zinc or cobalt alloy layer and more excellent laser drilling property can 
40 be achieved than that in the case of a layer of nickel alone. Consequently, the present invention includes the forgoing 
nickel alloy layer. 

[0018] By the way, in the case of a low drilling rate as described above, it is of course possible to increase the drilling 
rate by heightening the laser output (energy) at the time of forming a hole. 

[0019] However, if the laser energy is increased unnecessarily, a resin part of a board (copper-clad laminated board) 
45 is considerably damaged and it occurs that the hole diameter of the resin becomes wider than the diameter of a hole 
of a copper foil (layer). 

[0020] If a hole of a resin is widened as described, the quality of a hole formed by laser is deteriorated including 
occurrence of detachment of the resin from the copper foil (layer) in the bottom part of the hole and further strict control 
of treatment conditions is required to prevent such quality deterioration, resulting in a big problem such as complication 
50 of processes and treatment operation. 

[0021 ] Hence, it is generally better to carry out drilling efficiently with laser while laser energy is lowered as much as 
possible. 

[0022] In terms of above described explanation, in the case of using common laser energy, the foregoing layer of 
nicks! a!or:o vf.Vr. a !o;v drilling rats b r.o! apprcprlato Ccr £ Isyzr (costing layer) to improve the drilling property. 
55 [0Q23] After plating treatment, stabilizer treatment with chromium and/or zinc may be carried cut. Technique for the 
stabilizer treatment or a treatment liquid is not specifically limited. The stabilizer treatment may be carried out on the 
surface subjected to the foregoing plating treatment, that is, eith r partly on th face of a copp r layer to which las r 
beams is radiated or on the whole surface of a copper foil. 
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[0024] As described above, the stabillz r treatment is naturally required not to deteriorate the characteristic properties 
of a copper foil to be employed for a circuit board and the stabilizer treatment of the present invention sufficiently 
satisfies thos conditions. The stabilizer treatment scarcely affects the laser drilling property. 
[0025] The following plating treatment methods are applicable for formation of a layer containing any one or more 
5 substances selected from indium, tin, cobalt, zinc, cobalt alloys and nickel alloys on the face to be radiated with laser 
beams in the present invention. The following are representative examples. The plating treatment methods described 
below are only kinds of preferable examples and the present invention is not at all restricted within those examples. 

(Cobalt Plating Treatment) 

10 

[0026] Co concentration: 1 to 30 g/L, 

[0027] Electrolytic solution temperature: 25 to 60°C, pH: 1 .0 to 4.0, current density: 0.5 to 5 A/dm 2 , Plating time: 0.5 
to 4 seconds. 

is (Tin Plating Treatment) 

[0028] Sn concentration: 5 to 1 00 p/L, sulfuric acid: 40 to 1 50 g/L 

[0029] Eiectroiytic solution temperature: 25 to 40°C, pH: 1 .0 to 4.0, current density: 1 .0 to 5 A/dm 2 , Plating time: 0.5 
to 4 seconds. 

20 

(Indium Plating Treatment) 

[0030] In concentration: 1 0 to 50 g/L, Sulfuric acid: 1 0 to 50 g/L 

[0031] Electrolytic solution temperature: 20 to 40°C, pH: 1 .0 to 4.0, Current density: 1 .0 to 20 A/dm 2 , Plating time: 
25 0.5 to 4 seconds. 

(Zinc-Cobalt Plating Treatment) 

[0032] Zn concentration: 1 to 20 g/L, Co concentration: 1 to 30 g/L 
30 [0033] Electrolytic solution temperature: 25 to 50°C, pH: 1 .5 to 4.0, Current density: 0.5 to 5 A/dm 2 , Plating time: 1 
to 3 seconds. 

(Copper-Nickel Plating Treatment) 

35 [0034] Cu concentration: 5 to 20 g/L, Ni concentration: 5 to 20 g/L 

[0035] Electrolytic solution temperature: 25 to 50°C, pH: 1 .0 to 4.0, Current density: 1 0 to 45 A/dm 2 , Plating time: 1 
to 3 seconds. 

(Copper-Cobalt Plating Treatment) 

40 

[0036] Cu concentration: 5 to 20 g/L, Co concentration: 5 to 20 g/L 

[0037] Electrolytic solution temperature: 25 to 50°C, pH: 1 .0 to 4.0, Current density: 1 0 to 45 A/dm 2 , Plating time: 1 
to 3 seconds. 

45 (Zinc-Nickel Plating Treatment) 

[0038] Zn concentration: 1 to 1 0 g/L, Ni concentration: 1 0 to 30 g/L 

[0039] Electrolytic solution temperature: 40 to 50°C, pH: 3.0 to 4.0, Current density: 0.5 to 5 A/dm 2 , Plating time: 1 
to 3 seconds. 

50 

(Cobalt-Nickel Plating Treatment) 

[0040] Co concentration: 5 to 20 g/L, H) concentration: 5 to 20 g/L 

(JEW^ Elz&rc'yZz colder: tercpsnfcra: 20 :o 5C°C, pK: 1 .0 to 4.0, Current (tensity: 0.5 to 10 A/dm 5 , Pitting tints: 
55 1 to 180 seconds. 
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(Copper-Cobalt-Nickel Plating Treatment) 

[0042] Co concentration: 1 to 15 g/L, Ni concentration: 1 to 15 g/L, Cu concentration: 5 to 25 g/L 
[0043] Electrolytic solution temperature: 25 to 50°C, pH: 1 .0 to 4.0 t Current density: 1 .0 to 30 A/dm 2 , Plating time: 
5 1 to 180 seconds. 

(Copper-Phosphorus Plating Treatment) 

[0044] Co concentration: 5 to 20 g/L, P concentration: 1 to 30 g/L 
10 [0045] Electrolytic solution temperature: 20 to 50°C, pH: 1 .0 to 4.0, Current density: 0.5 to 15 A/dm 2 , Plating time: 
1 to 180 seconds. 

(Nickel-Phosphorus Plating Treatment) 

15 [0046] Ni concentration: 5 to 20 g/L, P concentration: 1 to 30 g/L 

[0047] Electrolytic solution temperature: 20 to 50°C, pH: 1 .0 to 4.0, Current density: 0.5 to 15 A/dm 2 , Plating time: 
1 to 180 seconds. 

[0043] The foiiowing piating treatment is applicable to the stabilizer treatment of the present invention. The following 
is a representative example. The stabilizer treatment described below is only one of preferable examples and the 
20 present invention is not restricted to the example. 

(Chromium Stabilizer treatment) 

[0049] 

25 

KgCrgOy (NagC^Oy or C1O3): 2 to 10 g/L, 

NaOHorKOH:10to50g/L, 

ZnO or ZnS0 4 -7H 2 0: 0.05 to 10 g/L, 

pH: 3.0 to 4.0, Electrolytic solution temperature: 20 to 80°C, Current density: 0.05 to 5 A/dm 2 , Plating time: 5 to 
30 30 seconds. 

Examples 

[0050] Next, the present invention will be described according to examples. These examples are only preferable 
35 ones and the present invention is not restricted within the examples. Consequently, any variation and other examples 
and embodiments are all included in the present invention as long as they are based on the basic technical ideas of 
the present invention. 

[0051] Comparative examples are also provided below for a comparison with the present invention. 
40 (Example 1) 

[0052] A shiny side surface (S surface ) of an electrodeposited copper foil with 12 u/n thickness was subjected to 
the cobalt plating treatment in the foregoing plating conditions to form a coating layer with the following cobalt deposition 
quantity. 

45 [0053] Cobalt deposition quantity: 5,060 ng/dm 2 
(Example 2) 

[0054] A side surface (S surfaces) of an electrodeposited copper foil with 1 2 jim thickness was subjected to the tin 
so plating treatment in the foregoing plating conditions to form a coating layer with the following tin deposition quantity. 
[0055] Tin deposition quantity: 9,370 u-g/dm 2 . 

(Example 3) 

55 [0056] A shiny side surface (S surface) of an elsctrodepositsd copper foil with 1 2 urn thickness was subjected to the 
indium plating treatment in the foregoing plating conditions to form a coating layer with the following Indium deposition 
quantity. 

[0057] Indium deposition quantity: 2,530 ng/dm 2 . 
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(Example 4) 

[0058] A side surface (S surface) of an lectrodeposited copper foil with 1 2 iim thickness was subjected to the zinc- 
cobalt plating (an alloy plating, hereafter the same) treatment in the foregoing plating conditions to form a coating layer 
with the following cobalt and zinc deposition quantities. 

[0059] Cobalt deposition quantity: 3,400 jig/dm 2 and zinc deposition quantity: 880 jig/dm 2 . 
(Example 5) 

[0060] A shiny side surface (S surface) of an electrodeposited copper foil with 1 2 \um thickness was subjected to the 
copper-nickel plating treatment in the foregoing plating conditions to form a coating layer with the following nickel and 
copper deposition quantities. 

[0061] Nickel deposition quantity: 3,400 u.g/dm 2 and copper deposition quantity: 51 ,000 jig/dm 2 . 
(Example 6) 

[0062] A shiny side surface (S surface) of an electrodeposited copper foil with 12ujh thickness was subjected to the 
copper-cobalt plating treatment in the foregoing piating conditions to form a coating layer with the following cobalt and 
copper deposition quantities. 

[0063] Cobalt deposition quantity: 2,400 ng/dm 2 and copper deposition quantity: 44,800 jig/dm 2 . 
(Example 7) 

[0064] A side surface (S surface) of an electrodeposited copper foil with 1 2 urn thickness was subjected to the cobalt- 
phosphorus plating treatment in the foregoing plating conditions to form a coating layer with the following cobalt and 
phosphorus deposition quantities. 

[0065] Cobalt deposition quantity: 3,780 ng/dm 2 and phosphorus deposition quantity: 200 ng/dm 2 
(Example 8) 

[0066] A shiny side surface (S surface) of an electrodeposited copper foil with 1 2 \im thickness was subjected to the 
nickel-phosphorus plating treatment in the foregoing plating conditions to form a coating layer with the following nickel 
and phosphorus deposition quantities. 

[0067] Nickel deposition quantity: 1 ,920 jig/dm 2 and phosphorus deposition quantity: 100 (ig/dm 2 . 
(Example 9) 

[0068] A shiny side surface (S surface) of an electrodeposited copper foil with 1 2 fxm thickness was subjected to the 
copper-cobalt-nickel plating treatment in the foregoing plating conditions, further subjected to cobalt-nickel plating 
treatment thereon to form a coating layer with the following copper-cobalt and nickel deposition quantities (respectively 
in total), and after that, the resultant foil was subjected to the stabilizer treatment in the foregoing conditions. 
[0069] Copper deposition quantity: 1 9,000 jig/dm 2 , cobalt deposition quantity: 3,400 iig/dm 2 , nickel deposition quan- 
tity: 650 u.g/dm 2 , chromium deposition quantity: 43 u-g/dm 2 , and zinc deposition quantity: 6 u.g/dm 2 

(Example 10) 

[0070] A shiny side surface (S surface) of an electrodeposited copper foil with 1 2 u/n thickness was subjected to the 
zinc-nickel plating treatment in the foregoing plating conditions to form a coating layer with the following nickel and 
zinc deposition quantities. 

[0071] Nickel deposition quantity: 1 ,230 u-g/dm 2 and zinc deposition quantity: 4,400 ng/dm 2 
(Example 11) 

A shiny sitfe Gur?£ce (S surfecs) o? en cicctrcwSspcGitsiS copper foil with 1 2 \im thickness was subjected to the 
cobalt-nickel plating treatment In the foregoing plating conditions to form a coating layer with the following cobalt and 
nickel deposition quantities. 

[0073] Cobatt deposition quantity: 3,470 fig/dm 2 and nickel deposition quantity: 490 u,g/dm 2 
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(Comparative Example 1 ) 

[0074] A shiny side surface (S surface) of an electrodeposited copper foil with 12 urn thickness was subjected only 
to the stabilizer treatment in the foregoing stabilizer treatment conditions. Th chromium deposition quantity and the 

5 zinc deposition quantity in this case were as follows. 

[0075] Chromium deposition quantity: 32 u-g/dm 2 and zinc deposition quantity: 270 jig/dm 2 . 
[0076] Regarding specimens of the above described Examples 1 to 11 and the Comparative Example 1 , one-side 
boards were produced using a prepreg (FR-4) from the 12 u.m thick foils of which the shiny side surfaces(S surfaces) 
were subjected to the foregoing surface treatment. Laser beams were radiated to 1 00 spots for each specimen in the 

10 following conditions and the drilling rates were compared with one another. The results are shown in Table 1 . 

(Laser radiation conditions) 

[0077] Employed apparatus: Carbon dioxide gas laser processing apparatus, 

15 

Spot size: 144u.m<t>, 

Pulse width: 32 usee, 

Frequency: 400 Hz, Shoi number: i shot, 

Energy: 7.5 mJ/pulse, 12.5 mJ^ulse, 20.9 mJ/pulse, 32 mJ/pulse, 43 mJ/pulse, 47.7 mJ/pulse, respectively. 

20 

(The results of the cases at 7.5 mJ/pulse, 43 mJ/pulse, and 47.7 mJ/pulse are not shown in the table.) 



Table 1 
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[0078] In Example 1 , the drilling rates were 2% and 74% at laser beams radiation energy of 1 2.5 mJ/pulse and 20.9 
mJ/pulse, respectively, and reached 1 00% at 32 mJ/pulse. There was no problem in practical manufacture and excellent 

drilling rates were shown. Consequently, the cobalt plating was found effective to improvs the drilling rstee. 

a:go, £3 :he cz'hzT, ticp&sli&n quantity was increased, the drilling rate was heightened, and in the case of 
exceeding 50,000 [ig/dm 2 , the drilling rate was 100% si 20.9 rrJ/pu!so. When the laser beams radiation energy was 
further increased, the 100% drilling rat was, of cours , maintained. As described above, however, since it was sup- 
posed to affect other parts such as a insulated layer (resin) or the lik and, it was not preferable to increase the output. 
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[0080] Thus, achievement of a drilling rate of 1 00% using a low laser beams radiation energy as exemplified in this 
example results in an extremely excellent effect on the improvement of the quality. 

[0081 ] The drilling rate was slightly decreased as th thickness of a copp r foil was increased, while the drilling rate 
was further increased as the thickness was decreased. The described correlation between the intensity of the laser 

5 beams radiation en rgy and th thickness of the copper foil can be said true for all of the Examples. 

[0082] In Exampl 2, the drilling rates were 67% and 93% at laser beams radiation energy of 12.5 mJ/pulse and 20.9 
mJ/pulse, respectively, and reached 1 00% at 32 mJ/pulse. There was no problem in practical manufacture and excellent 
drilling rates were shown. Consequently, the tin plating was found effective to improve the drilling rates. 
[0083] Also, as in the Example 1 , as the tin deposition quantity was increased, the drilling rate was heightened more, 

10 and in the case of exceeding 40,000 uxj/dm 2 , the drilling rate reached 100% even at 12.5 mJ/pulse. 

[0084] In Example 3, the drilling rates were 31 % and 85% at laser beams radiation energy of 1 2.5 mJ/pulse and 20.9 
m J/pulse, respectively, and reached 1 00% at 32 mJ/pulse. There was no problem in practical manufacture and excellent 
drilling rates were shown. Consequently, the indium plating was found effective to improve the drilling rates. Also, as 
in the Example 1 , as the indium deposition quantity was increased, the drilling rate was heightened. 

15 [0085] In Example 4, the drilling rates were 52% and 94% at laser beams radiation energy of 12.5 mJ/pulse and 20.9 
mJ/jaulse, respectively, and reached 100% at 32 mJ/pulse. There was no problem in practical manufacture and excellent 
drilling rates were shown. Consequently, the zinc-cobalt alloy plating was found effective to improve the drilling rates. 
Also, as in the Cxample 1 , as ihe zinc-cobalt deposition quantity was increased, the drilling rate was heightened. 
[0086] In Example 5, the drilling rates were 99% at laser beams radiation energy of 1 2.5 mJ/pulse and reached 1 00% 

20 at 20.9 mJ/pulse and 32 mJ/pulse and extremely excellent drilling rates were shown Consequently, the nickel-copper 
alloy plating was found effective to improve the drilling rates. 

[0087] Also, the drilling rate was further improved by only slightly increasing the copper-nickel deposition quantity, 
and drilling rate reached 100% at laser beams radiation energy of 12.5 mJ/pulse. 

[0088] As described above, the copper-nickel alloy plating presented high drilling rates as compared with the plating 
25 described in other examples. It was supposedly attributed greatly to surface roughening by the copper-nickel alloy 
plating. According to that, it was found effective at improving the drilling rate to carry out roughening plating as to form 
nodule on the plated surface. 

[0089] In Example 6, the drilling rates were 98% at laser beams radiation energy of 1 2.5 mJ/pulse and reached 1 00% 
at 20.9 mJ/pulse and 32 mJ/pulse and extremely excellent drilling rates were shown as same in the Example 5. Con- 
30 sequently, the cobalt-copper alloy plating was found effective to improve the drilling rates. Also, as in the Example 1 , 
as the copper-cobalt deposition quantity was increased only slightly more, the drilling rate was heightened, and the 
drilling rate reached 100% at laser beams radiation energy of 12.5 mJ/pulse. 

[0090] As described above, the copper-cobalt alloy plating presented high drilling rates as compared with the plating 
described in other examples and, as in the Example 5, it was supposedly attributed greatly to the surface roughening 
55 by the copper-cobalt alloy plating. According to that, it was found effective at improving the drilling rate to carry out 
roughening plating as to form nodule on the plated surface. 

[0091 ] In Example 7, the drilling rates were 75% and 99% at laser beams radiation energy of 1 2.5 mJ/pulse and 20.9 
m J/pulse, respectively, and reached 1 00% at 32 mJ/pulse. There was no problem in practical manufacture and excellent 
drilling rates were shown. Consequently, the copper-phosphorus alloy plating was found effective to improve the drilling 
40 rates. 

[0092] Also, as in the Example 1 , as the cobalt-phosphorus deposition quantity was increased, the drilling rate was 
heightened. By controlling the deposition as to make cobalt deposition quantity exceeding 6,000 u.g/dm 2 , for example, 
the drilling rate was heightened to reach 100% even at 0.9 mJ/pulse 

[0093] In Example 8, the drilling rates were 0% and 82% at laser beams radiation energy of 12.5 m J/pulse and 20.9 
45 m J/pulse, respectively, and reached 1 00% at 32 mJ/pulse. There was no problem in practical manufacture and excellent 
drilling rates were shown. Consequently, the nickel-phosphorus alloy plating was found effective to improve the drilling 
rates. 

[0094] Also, as in the Example 1 , as the nickel-phosphorus deposition quantity was increased, the drilling rate was 
heightened to be 100% at laser beams radiation energy of 12.5 mJ/pulse and 20.9 mJ/pulse, and excellently high 
so drilling rates were thus shown. 

[0095] In Example 9, the drilling rates were 99% at laser beams radiation energy of 1 2.5 mJ/pulse and reached 1 00% 
at 20.9 mJ/pulse, and 32 mJ/pulse and excellent drilling rates were thus shown. 

[0096] This example was carried out by steps of copper-ccbalt-nicke! alloy plating (a first layer), further ccba!t-n!c!ts] 
zllay plating (a Qscontflaysr) thereon, gt.xL z?lzr that, carrying cut c'r.rcrr^rr. Gtabiii^er treatment and it was found e> 
55 fective at improving the drilling rate without being greatly affected by the chromium stabilizer treatment (though the 
drilling rate tended to increase slightly). 

[0097] Also, as in the Example I, as th copp r-cobalt-nick I alloy and/or cobalt-nickel alloy deposition quantity was 
incr ased, the drilling rate was heightened. 
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[0098] In Example 10, the drilling rates were 14% and 99% at laser beams radiation energy of 12.5 mJ/jjulse and 
20.9 mJ/jpuls , r spectivety, and reached 100% at 32 mJ/pulse. There was no problem in practical manufacture and 
excellent drilling rates w re shown. Consequently, the nickel-zinc alloy plating was found effectiv to improve the drilling 
rates. 

5 [0099] Also.asinth Example 1, as the nickel-zinc deposition quantity was increased, th drilling rate was heightened 
to be 100% at laser beams radiation energy of even 20.9 mJ/pulse. 

[0100] In Example 1 1 , the drilling rates were 1 % and 80% at laser beams radiation energy of 1 2.5 mJ/pulse and 20.9 
mJ/pulse, respectively, and reached 1 00% at 32 mJ/pulse. There was no problem in practical manufacture and excellent 
drilling rates were shown. Consequently, the nickel-cobalt alloy plating was found effective to improve the drilling rates. 
io [0101] Also, as in the Example 1 , as the nickel-cobalt deposition quantity was increased, the drilling rate was height- 
ened. In the case where the nickel deposition quantity exceeded 7,000 u,g/dm 2 and the cobalt deposition quantity 
exceeded 3,000 up/dm 2 , for example, the 1 00% drilling rate could be obtained at laser beams radiation energy of even 
12.5mJ/pulse. 

[0102] In any example described above, excellent drilling rates were achieved even by low laser beams radiation 
15 energy. On the other hand, copper foils which were not subjected to the foregoing treatment and the specimens sub- 
jected to stabilizer treatment to add chromium and zinc as shown in the Comparative Example 1 , presented low drilling 
rates, which were only 0%, 0%, and 9% at laser beams radiation energy of 12.5 mJ/pulse, 20.9 mJ/pulse, and 32 mJ/ 
pulse, respectively. The rates could not reach 100% until the laser beams radiation energy was elevated as high as 
43 mJ/pulse. 

20 [0103] Since such high laser beams radiation energy, as described above, affects the insulated layer (resin) or other 
parts, the increase of the output is not desirable. 

[01 04] In such a manner, the Comparative Example 1 provided insufficient opening as a hole in a copper foil by laser 
beams. 

25 Industrial Applicability 

[0105] According to the present invention, a copper foil easy to be laser-processed and suitable for forming through 
hole and via hole with a small diameter can be provided by forming a layer containing any one or more substances 
selected from indium, tin, cobalt, zinc, cobalt alloys, and nickel alloys on the face of a copper foil to be radiated with 
30 laser beams and a drilling rate can significantly be increased by relatively low laser beams radiation energy. 

[01 06] Consequently, the present invention provides a marked effect to directly form a hole and simply form through 
hole and via hole in a copper foil at the time of manufacturing a printed circuit board. 



35 Claims 

1. A copper foil excellent in drilling property by laser, comprising a layer containing any one or more substances 
selected from indium, tin, cobalt, zinc, cobalt alloys, and nickel alloys on the face to be radiated with laser beams. 

40 2. A copper foil excellent in drilling property by laser as set forth in claim 1 , comprising cobalt alloys layer containing 
at least one of nickel, phosphorus, zinc and copper. 

3. A copper foil excellent in drilling property by laser as set forth in claim 1 , comprising nickel alloys layer containing 
at least one of copper, zinc, and phosphorus. 

45 

4. A copper foil excellent in drilling property by laser as set forth in any one of claims 1 to 3, wherein content of cobalt, 
nickel, tin, zinc, or indium is independently 0.1 to 100 mg/dm 2 (provided that zinc content is 0.5 to 100 mo/dm 2 ). 

5. A copper foil excellent in drilling property by laser as set forth in any one of claims 1 to 4, wherein thickness of the 
so copper foil is 1 8 um or thinner. 

6. A method for manufacturing a copper foil excellent in laser drilling property, wherein a layer containing any one or 
more substances selected from indium, tin, cobalt, zinc, cobalt alloys, and nicks! alloys is fcmisti on ths fac© to 

55 

7. A method for manufacturing a copper foil excellent in laser drilling property as set forth in claim 6, wherein cobalt 
alloys layer containing at least one of nickel, phosphorus, zinc and copper is formed. 
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8. A method for manufacturing a copper foil excellent In laser drilling property as set forth in claim 6, wherein nick I 
alloys layer containing at least one of copper, zinc, and phosphorus is formed. 

9. A method for manufacturing a copper foil excellent in laser drilling property as set forth in any one of claims 6 to 

8, wherein said layer is formed by plating. 

10. A method for manufacturing a copper foil excellent in laser drilling property as set forth in any one of claims 6 to 

9, wherein content of cobalt, nickel, tin, zinc, or indium is independently 0.1 to 100 mg/dm 2 (provided that zinc 
content is 0.5 to 100 mg/dm 2 ). 

11. A method for manufacturing a copper foil excellent in laser drilling property as set forth in any one of claims 6 to 

1 0, wherein thickness of the copper foil is 1 8 u/n or thinner. 

12. A method for manufacturing a copper foil excellent in laser drilling property as set forth in any one of claims 6 to 

11 , wherein stabilizer treatment is carried out after formation of said layer. 

13. A method for manufacturing a copper foil excellent in drilling property by laser as set forth in claim 12. wherein the 
surface treated by the stabilizer treatment contains chromium and/or zinc. 

20 
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